A number of studies in the dog and in man (1-6) have demonstrated a maximal renal tubular reabsorptive capacity for phosphate (TmP 8). However, some investigators have denied that the reabsorption of phosphate conforms to Tm characteristics (7-9). These workers have suggested that phosphate reabsorption is conditioned by the rate of phosphate filtration such that a fairly constant proportion of the filtered phosphate is reabsorbed. In view of the conflicting evidence and the relative paucity of phosphate titration studies on man, experiments were performed in order to obtain information on the mechanism of phosphate reabsorption, the constancy of reabsorption in any one individual, and its variability in a group of subjects. The data were required for subsequent investigations designed to evaluate the influence of several factors on renal phosphate transport. The studies were performed on normal individuals and in patients with parathyroid disease.
A number of studies in the dog and in man (1) (2) (3) (4) (5) (6) have demonstrated a maximal renal tubular reabsorptive capacity for phosphate (TmP 8). However, some investigators have denied that the reabsorption of phosphate conforms to Tm characteristics (7) (8) (9) . These workers have suggested that phosphate reabsorption is conditioned by the rate of phosphate filtration such that a fairly constant proportion of the filtered phosphate is reabsorbed. In view of the conflicting evidence and the relative paucity of phosphate titration studies on man, experiments were performed in order to obtain information on the mechanism of phosphate reabsorption, the constancy of reabsorption in any one individual, and its variability in a group of subjects. The data were required for subsequent investigations designed to evaluate the influence of several factors on renal phosphate transport. The studies were performed on normal individuals and in patients with parathyroid disease.
It was found that in any given experiment a TmP was demonstrable. However, the variability in TmP seen in most of our normal subjects between consecutive periods of a single experiment and between experiments generally exceeded the variability reported for glucose Tm and for PAH Tm. Furthermore, the range of values for TmP within a group of normal individuals is so large that an average value has little meaning. Fluctua- tions in TmP in our subjects could not be con- sThe following abbreviations will be used in this paper: P, inorganic phosphate; Cz., inulin clearance; GFR, glomerular filtration rate; RPF, effective renal plasma flow; Tm, maximal rate of renal tubular reabsorption; Ca, calcium; K, potassium; PAH, para-amino hippurate. After two to four periods the infusion was changed to one containing buffered sodium phosphate, pH 7.40, in addition to inulin and PAH. A sufficient volume of a 0.5 M phosphate solution was incorporated in the infusion to provide for the delivery of 0.4 to 0.8 mM P per minute. Such an infusion was continued for sixty minutes before urine collections were again begun. This period was sufficient to allow elevation of the plasma P to the desired levels and to assure a relatively slowly increasing plasma P concentration during the collection periods. Studies were carried out for two to four periods at the elevated plasma P levels. In some experiments there followed a third infusion designed to elevate further the plasma P.
Dietary intake. The low, intermediate and high calcium diets contained 130, 800, and 1500 mg., respectively, daily. A low P intake was achieved by the administration of a diet containing 600 mg. of P daily, and, in several studies by administering, in addition, 35 ml. of aluminum carbonate gel, one hour after each meal and at bedtime. The intermediate P diet contained 1,200 mg., and the high P diets 1800 to 3,000 mg. P. In several experiments variations in Ca or P intake without changes in other dietary constituents were studied by the administration of a constant low Ca-low P diet supplemented at meal time with calcium lactate or 10 per cent phosphoric acid. The patient was placed on a given dietary regimen at least three days, and often more than a week prior to the renal function studies.
Chemical methods. Inulin was determined in plasma and urine by the method of Schreiner (10) , PAH by the method of Smith, Finkelstein, Aliminosa, Crawford, and Graber (11), inorganic P by the method of Fiske and Subbarow (12) . Plasma Ca was determined by the method of Clark and Collip (13) , and urine Ca by the method of Shohl and Pedley (14) . Plasma K was determined on a flame photometer utilizing an internal standard.
Calculations. The clearances of inulin and PAH were taken as measures of GFR and RPF, respectively. Filtered P was calculated as the product of the inulin clearance and the plasma P. Excreted phosphate was calculated as the product of urine P concentration and urine flow. The difference between filtered and excreted P was considered to be the reabsorbed P.
RESULTS
In thirteen studies on four normal and one hypoparathyroid subjects P reabsorption was determined at endogenous plasma P levels and following stepwise elevations of the plasma P. In all instances a maximal rate of phosphate reabsorption was reached, and further elevation of plasma P resulted in no further increase in the rate of reabsorption. This result is shown for one normal subject in Table I . Following two excreted P. However, with the further elevation of plasma and filtered P, noted in periods five and six, no increase in reabsorbed P resulted, indicating that a maximal rate of reabsorption had been reached. This relationship between filtered and reabsorbed P is shown in Figure 1 , which presents a similar study in a hypoparathyroid subject (A. W.). The constancy of P reabsorption at elevated plasma P levels resulted in a reduction in the ratio of filtered P/reabsorbed P with further increases in the filtered load. This was a consistent finding and is shown for one experiment in the last column of Table I . In both of these studies endogenous urinary P excretion was reduced by the prior administration of a low P diet and aluminum carbonate gel. The Tm phenomenon was also noted in patients not given aluminum carbonate gel.
Repeated determinations of TmP in the same individual over a period of weeks or months indicated considerable variability in most subjects. Table II were obtained at different dietary levels of Ca and P. The relationship of dietary Ca and P to TmP was investigated. In two normal individuals, C. H. and R. H., intensive studies of the effect of changes in dietary Ca and P on TmP were made, and less complete studies were carried out on four other normal and one hypoparathyroid (A.W.) subjects. Analysis of the results indicated that variations of TmP from one period to another on a given day were about as great as the variations on different dietary regimens in all but two subjects (C. H. and E. P.). Since C. H. was one of the two subjects in whom an extensive study of the effects of changes in dietary Ca and P was made, these results are considered worthy of mention. The highest TmP values were obtained when the patient was on a high Ca-low P intake, (11-10-54, 3-14-55) and the next highest when on a low Ca-low P diet (4-6-54). These results are shown in Table II .
It is of interest that the individuals who showed the greatest variation in TmP between experiments also showed the largest fluctuations within during, or at the end of this period of time.
Plasma calcium was usually reduced when phosphate was infused, and the degree of reduction appeared to be correlated with the magnitude of the increase in plasma P. In the normal individuals the plasma Ca never fell below 8 mg. per cent, and at no time was tetany produced. In two of the hypoparathyroid individuals mild tetany did result during P infusions.
Although the plasma K was often lowered immediately after a P infusion was begun, there was little change thereafter, and no correlation could be made between changes in plasma K and variations of TmP.
The variability of TmP among the normal indi-viduals cannot be accounted for by differences in body size (Table II) . Calculations of TmP per unit of surface area did not appreciably alter the wide range of values for TmP. The average TmP for the three hypoparathyroid subjects falls within the broad range of values found for the normals (Table II) . Insufficient data were obtained to determine whether the variability of TmP on repeated determinations was significantly different than in normal individuals. A single study on one hyperparathyroid subject revealed a mean TmP of 26 p&M per min., a figure distinctly lower than that seen in the normal subjects.
No consistent relationship between GFR and TmP was noted (Table II) . The variability of the ratio TmP/GFR is greater than that found for glucose (TmG/GFR) by Smith and his co-workers (15) . They found that in normal individuals the coefficient of variation for TmG/GFR was 15 per cent. The coefficient of variation for TmP/ GFR in the normal subjects included in Table II is 30 per cent.
DISCUSSION
Our data are in accord with the observations in the dog (1) (2) (3) (4) (5) and in man (6) which indicate that there is a maximal rate of phosphate reabsorption by the renal tubules. These results are in contrast to those obtained by Smith, Ollayos, and Winkler (7), Eggleton and Shuster (8) , and Crawford, Gribetz, and Talbot (9), who found increased P reabsorption with increased filtered P without any apparent Tm. Furthermore, our results do not indicate that P reabsorption is conditioned by GFR at elevated plasma P levels such that a constant fraction of filtered P is reabsorbed. Were this conditioning to exist, the ratio, P reabsorbed/ GFR, would remain constant. The data in Table  II indicate that this ratio is quite variable.
It is apparent that there is a considerable variability in TmP in a given individual and between individuals. For the most part this variability remains unexplained. The attempt to correlate TmP with the dietary level of Ca and P in our studies has been inconclusive. A correlation between the level of phosphate in the diet and phosphate reabsorption has been demonstrated in rats (16) , dogs (17) and newborn infants (18) . A high level of P intake was associated with a reduction in P reabsorption. Our failure to demonstrate a clear-cut effect on TmP with an elevated P intake may be related to the fact that the amount of dietary P per kg. of body weight was lower than that achieved in rats (16) and in infants (18) . That factors other than diet influence phosphate reabsorption is known. Roberts and Pitts showed that the administration of cortisone to dogs consistently reduced TmP (19) . A reduction in TmP with prolonged P infusions has been shown by Michie (20) and by Hogben and Bollman (2) . The latter workers showed in studies on dogs that this reduction was usually accompanied by a decrease in plasma K, and that addition of K to the infusion reversed the drop in Tm. In the occasional instance in our studies where TmP fell during an experiment there was no associated decrease in plasma K. Our experiments were usually short in comparison with those of Hogben and Bollman, and it is possible that we might have seen reductions in TmP and plasma K if the experiments had been prolonged. However, in two experiments on two normal subjects in which prolonged P infusions were given no decrease in TmP was noted. Clearly, our data do not reveal the cause of fluctuations in TmP. Elucidation of these factors will require further experimentation.
The range of values for TmP in this group of normal subjects makes the use of any average figure of little value and indicates the necessity of using the subject as his own control in any study designed to evaluate factors influencing TmP. Furthermore, the uncontrolled and unexplained "spontaneous fluctuations" in TmP make it apparent that small changes in TmP cannot be accepted as significant without critical analysis of control studies.
Certain considerations of the mechanism of phosphate reabsorption are pertinent to an evaluation of our data. The reabsorption of phosphate, like that of glucose, shows a limited maximal transfer rate. However, differences exist in the transfer characteristics of these two substances.
Whereas the maximal rate of glucose transport is quite constant in any one individual and between individuals (when differences in body surface area are taken into consideration), the maximal rate of phosphate reabsorption is more variable. What is the significance of this fact? The maximal rate of glucose reabsorption is considerably greater than is required for total reabsorption even with physiological variations in load. Thus, the kidney serves to conserve the body stores of glucose and is not normally an important regulator of plasma concentration. On the other hand, the Tm for phosphate is only slightly greater, and in some instances no greater, than reabsorption at endogenous plasma levels. Hence, relatively small changes in Tm would be expected to affect the plasma concentration of phosphate, whereas this would not be true for glucose. It may be postulated that the considerable variability of TmP is due to factors which act upon the phosphate transport mechanism to alter reabsorption of phosphate, thus providing an important mechanism for the regulation of plasma phosphate concentration. Our studies and those of others have indicated that a parathyroid hormone is one factor of importance in the regulation of phosphate transport in the renal tubule (4, (21) (22) (23) .
A consideration of maximal reabsorptive and secretory rates in the renal tubules led Shannon to a general kinetic analysis for Tm substances (24) . Similar kinetic considerations apply to any enzyme-catalyzed reaction where the reaction rate reaches a maximum value with increasing substrate concentration (plasma concentration) because of enzyme saturation. The maximal rate of renal tubular transport of any substance (Tm) may be visualized as that rate which is observed when the enzyme system(s) involved is saturated with regard to substrate. Since factors (e.g., parathyroid hormone) other than substrate concentration may influence the activity of the enzyme system it is not surprising to find that variations in Tm values occur. It seems likely that an explanation of the variability of TmP will require an understanding of the mechanisms by which substances exert their effects on the enzymes involved in phosphate transport. 5. The values for TmP in hypoparathyroid subjects fell within the broad range of normal. The TmP in one hyperparathyroid subject fell below the normal range.
6. Because of the variability of TmP in a given individual and between individuals each subject must serve as his own control in any study designed to determine the influence of an experimental regimen on phosphate reabsorption.
7. The possible significance of the variability of TmP is discussed in relation to current concepts of transport mechanisms.
